Introduction
The surgical resection of disseminated disease has been an important component in the care of patients with testis cancer since the early 1900s (1) . The utilization of and indications for retroperitoneal lymph node dissection (RPLND) have changed dramatically since the introduction of cisplatin based chemotherapy. Over 90% of patients with metastases are now cured, but a third will have residual disease after chemotherapy, thus necessitating the continued use of surgery to provide long-term survival (2) .
The current indications for postchemotherapy (PC) resection vary by histology. The goal of surgery in those with nonseminomatous germ cell tumors (NSGCT) is to completely resect viable tumor or teratoma. Indications include residual masses ≥1 cm, residual disease after salvage chemotherapy, chemoresistant disease, late relapse of disease and residual masses not responding to salvage chemotherapy that remain resectable (3) . The indications for PC resection in seminoma differ as 80-90% of residual masses are found to contain necrosis or fibrosis and there is no concern for residual teratoma (4,5) An intense desmoplastic reaction or scarring in the retroperitoneum makes PC RPLND for seminoma a difficult procedure with high risk of morbidity and need for adjunctive procedures. The indications for PC RPLND in seminoma are therefore more limited and include resection of growing residual masses without marker elevation or cases with solitary, resectable tissue after salvage chemotherapy (6) .
There is ample evidence to suggest that experience is extremely important in the management of testis cancer following chemotherapy (2) . A recent query of patients treated for testis cancer in the National Cancer Database found that overall survival is almost 10% lower (81% vs. 90%) at low-volume compared to high-volume hospitals, despite more favorable disease characteristics at the lower volume hospitals (7) . Complication rates after RPLND have historically been as high as 30% with high-grade complications of up to 20% (8, 9) . Moreover, risks of complication and prolonged hospital say are higher with PC RPLND as compared to primary RPLND (10, 11) . PC RPLND is a challenging operation that requires complete resection in order to provide the greatest chance of cure. This requires surgeons to have an intimate familiarity with abdominal and retroperitoneal anatomy. Surgeons must also be comfortable with vascular techniques and be prepared for adjunctive procedures as necessary. Herein, we review the imaging options that are essential for surgical planning and the various surgical techniques that are often necessary in the challenging PC testis cancer surgery.
Imaging
The indications for surgery in PC NSGCT and seminoma rely on the radiographic identification of residual disease. In NSGCT, there is a risk of teratoma in 40-45% and viable malignancy in 10-15% of residual masses larger than 1 cm (12) . Teratoma is chemoresistant with potential for growth, local destruction and ultimately death (13) . Unpredictable somatic transformation to malignant histology is another concern with unresected teratoma (14) . Advanced imaging with positron emission tomography (PET) in addition to routine computed tomography (CT) has been utilized to try to differentiate teratoma, viable malignancy and fibrosis/necrosis after chemotherapy for NSGCT. Unfortunately, PET scans have false negative rates up to 40% for NSGCT and can not distinguish between teratoma and necrosis, which have equivalent enhancement values (15) . Thus, a CT scan is sufficient in the preoperative assessment of patients with NSGCT after chemotherapy and PET should not be used, as negative scans will not obviate the need for resection.
However, there is some evidence for the role of PET/CT in seminoma after chemotherapy. Several studies, including results from the prospective SEMPET trial have suggested sensitivities and specificities ranging from 78-82% and 90-100%, respectively, for PET in detecting viability of seminoma after chemotherapy (16) (17) (18) (19) (20) . In contrast, the sensitivity and specificity of CT alone have both been reported between 73-100% for detecting viable seminoma in residual masses greater than 3 cm (17, 18) . While the earliest study of PET in PC seminoma reported a positive predictive value (PPV) of 100% (17), a later systematic review and meta-analysis found the PPV to be 56% (19) . The concern for false positives is usually attributed to inflammation if scans are done less than 6 weeks after completion of chemotherapy or non-specific uptake in normal abdominal or retroperitoneal locations (21) . A recent study by Cathomas et al. has brought further question to the utility of PET in PC seminoma (22) . They included 90 patients with metastatic seminoma and PET positive lesions. The median residual tumor size was 4 . 9 c m a n d t h e m e d i a n t i m e f r o m l a s t d o s e o f chemotherapy to PET scan was 6.9 weeks. Observation of PET positive lesions was performed in 51 (57%) patients, 26 (29%) had surgical resection, 9 (10%) were biopsied, and 4 (4%) received radiation therapy. Despite the enhancement on PET scan, resected lesions showed necrosis in 21 (81%) and viable seminoma in only 5 (19%). None of the biopsied masses showed seminoma. This revealed a PPV for PET scan of 23% in predicting viable seminoma. Of the 51 patients undergoing surveillance, progression occurred in 11 (22%) and relapse in 2 (4%) after resection. These results are in line with practice at our institution, where we feel it is safe to monitor most PC seminoma with CT scans with indications for surgery remaining growing residual masses with negative markers or residual but resectable lesions after salvage chemotherapy.
Nerve sparing and template guided dissections
Classic descriptions of RPLND included removal of all nodal tissue in the retroperitoneum, from the suprahilar region down to the common iliac vessels bilaterally (1). This was irrespective of imaging and the sympathetic chain and post-sympathetic nerves that are responsible for antegrade ejaculation (23) . It wasn't until separate publications by Jewett in 1988 and Donahue in 1990 that it became clear that preservation of the post-ganglionic sympathetic nerves with a full bilateral dissection could preserve antegrade ejaculation while still providing excellent cancer control (24, 25) . At the same time, it was well known from mapping studies that the spread of disease in testis cancer occurs in a predictable pattern with right sided tumors spreading to the paracaval and interaortocaval regions first with rare right to left cross over and left sided tumors primarily spreading to the preaortic and paraaortic regions (26) (27) (28) . A desire to decrease the morbidity of RPLND and preserve ejaculation thus led to the development of modified templates that called for dissection only of the ipsilateral side of tumor involvement. Initially favored only in the primary setting before chemotherapy (29) , feasibility in the PC setting has been shown. Beck et al. reported on 100 patients who underwent PC RPLND with a unilateral modified template. Right sided modified template dissection was performed in 43 patients. This included removal of the right common iliac nodes medial to the ureter, paracaval, precaval and interaortocaval nodes. A left sided modified template was performed in 39 patients and included removal of the preaortic, paraaortic and left common iliac nodes. A "full" left modified template was performed in 18 patients and included removal of the interaortocaval nodes in addition to those in a left modified template. This was a well-selected cohort as all patients had NSGCT, normal serum tumor markers after chemotherapy and metastatic disease that was limited to the primary landing zone. At a median follow up of 31.9 months, the 2-and 5-year disease free survival was 95% with only four patients developing recurrent disease. All recurrences were outside the boundaries of a full bilateral template RPLND (30). Cho et al. later reported on the long term follow up of this cohort with a median follow up 125 months. Only 3 additional patients developed recurrence and they were again all outside the boundaries of a full bilateral template RPLND. Ten year overall survival in the series was 99% (31) . Still, some advocate for full bilateral dissection in the postchemotherapy setting due to concerns of incomplete resection and an ability to preserve antegrade ejaculation with bilateral nerve sparing when possible. Carver et al. reported on their experience with 269 patients who had viable tumor after postchemotherapy RPLND for NSGCT. Their full dissection included infrahilar removal of precaval, paracaval, interaortocaval, preaortic, paraortic and ipsilateral common iliac nodes. They found that 7-32% of patients had evidence of extratemplate retroperitoneal disease, depending on the boundaries of modified template used. The rate of extratemplate disease was 29% for residual masses up to 5 cm when using the modified template as defined by Beck et al. and Cho et al. (32) . Based on these results, we favor a modified "extended" template PC RPLND in select patients without bulky residual disease that is limited to the primary landing zones. On the right side this would include all peri renal hilar, paracaval, inter aorto-caval and para-aortic nodes down to the inferior mesenteric artery. On the left it includes all of the left renal hilar, para-aortic, interaortocaval and retrocaval areas. Nerve sparing is performed whenever possible. In a recent report of our experience with post chemotherapy resection in masses with a median size of 3.65 cm, nerve sparing was accomplished in 74% of cases (33) .
Extraretroperitoneal resection
While modified templates are feasible for patients with disease in a unilateral retroperitoneal landing zone, up to 40% of patients with metastatic disease may have disease outside the standard boundaries of RPLND (34) . Again, a complete resection should always be the goal in the management of PC testis cancer and this should include resection of extraretroperitoneal masses whenever possible. This should be done regardless of pathology in the retroperitoneum, as extraretroperitoneal pathology may be discordant up to 30% of the time (35) .
The spread of metastases typically follows lymphatics from the retroperitoneum to the cysterna chili and through the posterior mediastinum to the thoracic duct and ultimately the junction of the subclavian and internal jugular veins (36) . Therefore, common extraretroperitoneal sites of disease include the suprahilar regions, retrocrural space or posterior mediastinum and cervical nodal region. Concurrent resection at the time of PC RPLND is feasible for residual masses in all of these locations. We have performed resection of suprahilar and retrocrural nodes through a thoracoabdominal approach, a separate thoracotomy, but also through the same midline incision as RPLND. After dissection of the suprahilar region, the crus of the diaphragm is identified and split to enter the posterior mediastinum (Figure 1) . Concurrent resection of cervical nodes can also be performed at the same time as RPLND with a two-team approach as we have previously described (37) .
Pulmonary and hepatic metastases are also common and may be resected at the same time as RPLND, often with a thoracoabdominal incision (38) . However, we prefer to defer these more morbid resections in case retroperitoneal pathology determines a need for further chemotherapy. We have occasionally performed peri-portal and mesenteric lymphadenectomy at the same time as RPLND (Figures 2,3) .
Pelvic nodal metastases are rare in testis cancer but can occur almost 2% of the time and more commonly in patients with a prior history of groin surgery (39, 40) . A study by Jacob et al. of 134 patients with NSGCT and residual disease in the pelvis found a viable tumor rate of 20% and teratoma rate of 55% (39) . Clearly, if present on preoperative imaging, resection of pelvic nodes is essential to prevent disease recurrence.
Adjunctive procedures
Surgeons performing PC RPLND must be prepared for the need for adjunctive procedures, including nephrectomy and vascular reconstruction, in up to 30% of cases (41, 42) . The risk of such procedures comes from the need for a complete resection coupled with the intense desmoplastic reaction that can occur after chemotherapy. Rarely other procedures A review from our institution of 85 patients undergoing PC RPLND found 13 (15%) who required vascular procedures including cavotomy, caval resection, aortic resection, common iliac vessel resection and renal vessel resection or reimplantation. Nephrectomy was performed in 12 (14%) patients and almost all (10/12) were left sided. One patient had ureteral resection with appendiceal substitution and one had partial duodenectomy (42) .
Several risk factors exist for adjunctive surgery, including elevated markers and risk group, but residual tumor size is the greatest risk factor. A residual tumor size greater 10 cm has been shown to carry an odds ratio of 7.2 in predicting the need for any adjunctive procedure (41) . Preoperative imaging may show circumferential vessel involvement. A recent report found that circumferential involvement of the cava >135 degrees and of the aorta >330 degrees predicts the need for resection or reconstruction (43) . We have utilized intraoperative vena cavoscopy using a flexible cystoscope to either rule out caval involvement or to confirm complete tumor thrombus resection (Figure 4) . We typically favor resection of the vena cava when involved as long-standing obstruction leads to the development of well-established venous collaterals ( Figure 5) (44) . However, aortic resection obviously does require grafting so coordination with vascular surgeons is important and must be anticipated preoperatively ( Figure 6) .
Modern efforts to minimize morbidity
While nerve-sparing techniques and modified templates are examples of two early attempts to minimize the morbidity of RPLND, several modern efforts have also been made. Minimally invasive techniques have been employed in the PC setting with proposed benefits of decreased pain, blood loss and hospital stay. The largest series of laparoscopic PC RPLND comes from Steiner et al. (45) . They performed surgery in 100 patients who were well selected to exclude any with bulky residual masses (median 1.4 cm) or with encasement of the great vessels. Results were favorable as median estimated blood loss was 84 cc, median hospital stay 3.9 days and 95% had preserved antegrade ejaculation. The majority of these patients however had residual masses <1 cm (57%) and would not meet the indications for any surgery in most centers. One patient required conversion to open surgery and only one had recurrence. Though the series were smaller, Cheney et al. and Kamel et al. have each shown the feasibility of robotic assisted PC-RPLND (46, 47) . We have developed and reported on our novel approach to RPLND. This involves a midline extraperitoneal (EP) incision that aims to minimize the morbidity of a transabdominal approach. Our incision starts several centimeters below the xiphoid process and extends 4-5 cm below the umbilicus ( Figure 6) . The extraperitoneal space between the peritoneum and transversalis fascia is developed first in the inferior portion of the incision and carried cephalad over Gerotas fascia so that the retroperitoneal dissection template can be exposed (Figure 7) . From this incision we are able to perform either modified or full bilateral template dissections that can include suprahilar and retrocrural dissections. A recent report of our experience with 131 cases from 2010-2017 included 72 patients undergoing EP PC RPLND. The median residual mass size was 3.65 cm and nerve sparing was performed in 53 (74%) of cases. Median estimated blood loss was 475 cc with a median of 32 nodes removed. Adjunctive procedures were performed in 31% of cases and the median hospital stay was 3 days with 90 day complications occurring in 4 (4.5%) of patients (33) . Patients are given clear liquids on postoperative day 0 and advanced to a regular diet the next day, with some being able to go home on postoperative day 1 regardless of bowel activity given the absence of complication of ileus.
Conclusions
The surgical management of disseminated testis cancer has always been and will remain essential to provide longterm survival. Cisplatin-based chemotherapy has changed the indications for PC RPLND, but surgical resection remains essential. The surgical management of PC testis cancer is complex and challenging. With strict indications for surgery, adequate preoperative assessment and surgeon familiarity with the need for extraretroperitoneal resection, adjunctive procedures and methods to minimize morbidity, both excellent functional and oncologic outcomes can be obtained. 
